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Summary
Learning with different kinds of ICT-based tools is
an important issue in today’s society. In this article
we focus on how design of technology rich environ-
ments based on state of the art learning principles can
give us new insights about how learning occur, and
how we can develop new types of learning environ-
ments. Medical education constitutes the subject do-
main. There has been a considerable effort to devel-
op 3D technologies in this field, and the article pro-
vides a careful review of how these technologies are
applied. There is, however, a substantial gap between
these advances and the use of technologies in med-
ical education. Related work proposes individualistic
assumptions or metaphors that do not focus explicit-
ly on learning and technology mediation. Based on
theoretical analysis of previous literature in the field
we argue that there is a need for a new unit of analy-
sis that includes the relationship between individual
and collective activity and the role of technology
herein. The socio-cultural and especially activity the-
ory is taken as the perspective which gives the possi-
bility to develop the argumentation about the unit of
analysis. The unit of analysis also has implications
for design of 3D environments. The design principles
are elaborated upon and examples are given in rela-
tion to an application called Matador (Medical
Advanced Training in an Artificial Distributed
Environment). Matador is aimed at developing a sim-
ulation environment for training in emergency medi-
cine.
Introduction
The research on computer-supportedcollaborative learning (CSCL) is insome respects a new field, which is
growing quite fast.1 Based on socio-cultural
assumptions about learning and human de-
velopment, information and communication
technologies can help us move from tradi-
tional instructor-centred teaching where the
focus is on individual learning, to collabora-
tive learning. Collaborative learning is de-
fined as a collective knowledge building
process where students actively generate, ac-
cess and organise information. This collec-
tive process leads to a change in the student’s
ability and effort to take part in a learning ac-
tivity. In the 1990s there have been consider-
able efforts to develop computer systems that
can provide new types of learning environ-
ments for students (Jonassen & Land,
2000).2 A recent review of CSCL research
shows, however, that the CSCL field is not
very coherent (Lehtinen, Hakkarinen, Lippo-
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nen, Rahikainen & Muukkonen, 1999).
Lehtinen et al. (1999) conclude that many
studies exist where there have been positive
learning effects. The problem with these
studies is that their ecological validity could
be considered as low, since most CSCL stud-
ies are experiments or small-scale field trials
(Fjuk & Ludvigsen, 2001). Related problem
areas concern the level and unit of analysis
(Fjuk & Ludvigsen, 2001). 
The last ten years have seen a consider-
able effort and focus on how to design learn-
ing environments based on learning theories
(Brown, 1992, CTGV, 1997; Brown, Ellery
& Campione, 1998; Jonassen & Land, 2000;
Fjuk & Smørdal, 2001). For CSCL research
to take a step forward we need to consider
complex relationships such as interconnec-
tions between several activity systems, theo-
ries of learning and instruction, subject do-
mains, teachers’ roles, delivery institution’s
educational praxis and tradition, organisatio-
nal and administrative arrangements, costs,
properties of the technological solution and
available software, geographical distances
between co-students, etc. All these aspects
might of course not be in focus in every
study, but the degree of complexity account-
ed for needs to be increased. 
This article focuses on a specific category
of learning environments that recently has
received increasing interest; 3D environ-
ments (McLellan, 1996, Johnsen et al., 2000,
Youngblot, 1998, Krange et al., 2000). 3D
environments are loosely defined “as a class
of computer-controlled multisensory com-
munication technologies” (McLellan, 1996).
Moreover, 3D environments “evoke a feeling
of immersion, a perceptual and psychologi-
cal sense of being in the digital environment
presented to the sense” (McLellan, 1996).
One important aspect of 3D environments is
the presence of the immersed feature that in-
cludes the feeling of touch, sense orientation
and position in space (Gorman, Meier &
Krummel, 1999). In addition, 3D environ-
ments are proclaimed to be appropriate for
supporting activities that include model
building and problem solving (McLellan,
1996), and are as such designed with a spe-
cific subject domain and content in mind.
Furthermore, 3D generated objects and ava-
tars often constitute basic aspects of the de-
signs. The 3D-generated objects are tools
that are manipulated and moved by actors
that in turn are represented by avatars.
These specific features make 3D environ-
ments different from other types of virtual
environments like, e.g. Web-based environ-
ments. We argue that the unique features and
qualifications of 3D environments have to be
explicitly considered in analysis as well as in
designs. However, technological advances
have unquestionably driven the design of 3D
environments. Hoffman & Vu (1997) point
to the fact that there is a substantial gap be-
tween the technologies available today and
the technology that is needed for realizing
the expectations for 3D-technologies as tools
for learning and collaboration. There are re-
cent and limited insights into what the nature
of the collaborative processes in a predomi-
nantly 3D environment is like. To obtain a
deeper understanding of this, we wish to step
back from the technical push to explore the
specific conditions of these processes. These
conditions, we argue, can only be properly
understood by extending the unit of analysis
from technology and pedagogy themselves
to the social contexts in which the 3D envi-
ronments are being used. This core argument
throughout the paper is outlined by suggest-
ing activity theory as a powerful framework
for understanding learning activities in dif-
ferent kinds of environments and for inform-
ing designs associated with virtual 3D learn-
ing environments. 
The field of medicine is chosen as a pro-
totypical field to investigate. There exists a
rich body of computer-based applications
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aimed at supporting learning and training
within various areas. So far, few have em-
phasised the potential of 3D environments
like the field of medicine. In the first part of
the article we review the literature on 3D in
medical education and emphasise what has
been in focus so far, and we summarise this
from a learning perspective. The argumenta-
tion put forward in this part represents a the-
oretical analysis of the field. In the second
part we argue for a new theoretical frame-
work for analysis and design. In the last part
we will, with a basis in the theoretical frame-
work, suggest a set of design principles con-
nected to 3D environments. Here we will use
a concrete 3D environment, Matador, as an
example. 
3D environments: A review of
the literature in medicine 3
In the field of medicine various domainspecific computer systems have been de-veloped in areas such as anatomy, anato-
my of the brain, surgery, dissection of bones
and endoscopy. In surgical education the ar-
guments for using 3D environments are
found in various communities. We find in-
sights achieved within surgical interventions
particularly interesting in this respect. Clini-
cal experiences show that surgeons could
benefit from training in a 3D environment
before they are exposed to patients (Ota,
Loftin, Saito, Lea & Keller, 1995). First, this
is associated with better health care in terms
of improvement resulting in fewer complica-
tions and shorter hospitalisation. Second, the
cost of training could be reduced if it was cut
down from five to three years (Ota et al,
1995). Moreover, the standardisation of
skills associated with specific procedures is
considered important. Third, 3D environ-
ments provide possibilities for measuring
different aspects of a procedure. This con-
tributes to a higher level of efficiency and is
as such highly content driven, but is of great
importance for the quality of work. 3D envi-
ronments used in surgical education have
mostly been designed to train and improve
procedural knowledge and skills. 
In an invited review of the use of 3D en-
vironments in surgical education Qayumi &
Qayumi (1999) suggest a ‘CyberPatient’ as
an essential part of a problem based learning
curriculum. The authors argue that most 3D
environments are not designed for support-
ing interactivity and interaction in any true
sense. 3D-based computer systems devel-
oped for the purpose of supporting a doctor-
patient interaction, often include elements
like: taking the patient’s history, physical ex-
amination of the patient, different kinds of
tests, diagnosis development, treatment plan-
ning, surgery, postoperative management
and follow up. This simulates the patient ill-
ness trajectory and provides rich representa-
tions of various aspects of this trajectory. As
educational philosophy for designing a virtu-
al environment, Qayumi & Qayumi (1999)
suggest a Piagetan philosophy. Within this
area of use, conceptual knowledge is empha-
sised together with the procedural knowl-
edge. 
There are few in-depth studies that ad-
dress issues connected to learning and col-
laboration and the outcome of these process-
es (McLellan 1996). One study that provides
insights into these issues is the one conduct-
ed by Pilkington & Parker-Jones (1996). The
authors present a 3D-based system of which
the systems design is based on several sig-
nificant elements from learning theory. The
medical area, which the student is exposed
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to study it. 
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to, is the regulation of calcium of the human
body. The system is based on the idea of cog-
nitive conflict, inconsistency, and contradic-
tion outlined from Piaget (1977). These
issues are integrated with Vygotsky’s (1978)
concept on the zone of proximal develop-
ment. In the perspective developed by Vy-
gotsky the dialogue is one of the most im-
portant sources for learning. Articulation,
self-explanation and elaboration become
crucial relative to what can be learned. This
combination is manifested in discourse be-
tween pairs of students, and in some of the
dialogues an expert in the medical field can
participate and make interventions. The ob-
jective behind the systems design was then to
create an environment that mediates the stu-
dent’s knowledge construction beyond su-
perficial understanding. The students found
the simulation favourable (over other learn-
ing resources) because the simulation was
realistic and it was thus possible to test spe-
cific hypotheses (Pilkington & Parker-Jones,
1996). Traditional textbooks or lectures do
not create possibilities of interaction with an
environment nor with and expert, the way
this application does. It is reasonable to ar-
gue that this application has inherent quali-
ties, which have the potential to promote
higher order processes. 
The quality of the talk among the students
differs between the pairs, and it is dependent
upon the intervention made by the expert.
When the expert made interventions the
number of casual explanations and reflective
turns increased. If one looks at the material
as a whole, “the student-student dialogue
was more likely to focus on observation,
preparation and monitoring activities and
less likely to focus on reasoning activities”
(Pilkington & Parker-Jones, 1996).
The results from the study by Pilkington
and Parker-Jones seem reasonable both from
cognitive studies in the medical domain and
a more socio-cultural view of learning and
cognition. Since there exist so few studies of
learning processes and learning outcome
from 3D environments in medicine, it is nec-
essary to draw on the literature within med-
ical cognition and other approaches (which
have studied learning in the medical field) to
enrich the interpretation of the findings pre-
sented. 
Medical students do not have as well de-
veloped illness scripts as more experienced
physicians (Feltovich et al, 1992), and their
basic biomedical knowledge is partly encap-
sulated (Boshuizen et al, 1992). The term en-
capsulated means that the knowledge is
structured in such a way that the basic bio-
medical knowledge is difficult to access.
These difficulties could be caused by cogni-
tive and social factors. From a socio-cultural
view this finding could be interpreted as a
typical way of talking among the students,
that is a discourse pattern. The teacher (ex-
pert) is the person who constructs scaffolds
so the dialogues can move to a more ad-
vanced level. Ludvigsen (1998) found that
the teacher was the person who pointed to
specific cues of vital importance when stu-
dents were talking with and about patients.
The teachers asked questions, which were
necessary for the students to be able to con-
struct coherence in their diagnostic activities
(Gadd, 1995; Ludvigsen, 1998). The teacher
also had to help the students to integrate their
knowledge in relation to specific cases. 
Gadd (1995) and Ludvigsen (1998) found
that teachers use characterisations, reformu-
lation, explanations and summaries to create
possibilities not only for students to solve
concrete problems, but also to get access to
their biomedical knowledge. These aspects
related to talk between students and teachers
are dependent on institutional practice. The
institutional practice creates constraints and
affordances for the students-teacher relation.
Their biomedical knowledge together with
social and cultural factors define how the
8
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students learn to get patients’ information,
select information, combine information –
organise information in different types of
documents. How physicians organise infor-
mation and talk to each other could be
termed as cultural scripts (Shore, 1996).
Cultural scripts are part of institutional dia-
logues. Institutional dialogues have other
features than what are found in everyday
talk. Who can talk and in which order and
what the participants are allowed to say fol-
low a predefined order, which has implica-
tions for the turn taking in the situation.
What is on the agenda, and which of the par-
ticipants can change the agenda are also pre-
defined (Suchman, 1987; Linell, 1990 and
1999; Ludvigsen, 1998).
To conclude the brief overview of 3D en-
vironments’ potential and area of use within
the field of medical education, there are two
types of issues that have been focused in
most designs: Technological functionality
and novelty, and subject domains and associ-
ated content and pre-defined tasks. We argue
that learning in 3D environments must be
considered in terms of more complex ap-
proaches that view issues like subject do-
mains, theories on learning and 3D-techno-
logies as critical parts of interconnected ac-
tivity systems. Research aimed at under-
standing the specific conditions of other
types of learning environments (anchored in
Web-based technologies) clearly shows that
the students’ collaborative learning process-
es are mediated by a set of aspects manifest-
ed in a complexity of: Theories of learning
and instruction, subject domains, teachers’
roles, delivery institution’s educational prac-
tice and tradition, organisational and admin-
istrative arrangements, costs, and properties
of technologies. (Fjuk, 1998, Fjuk & Lud-
vigsen, 2001, Wasson et al., 2000). This
complexity implies that it is complicated,
sometimes even impossible to consider what
aspects that are most critical with respect to
learning and cognition. In spite of this, an
awareness of the complexity in terms of pos-
sible contradictions and interdependencies is
an important component in any analysis and
design. 
In line with this argumentation we need to
create a complex understanding of how med-
ical reasoning takes place. In several studies
of clinical reasoning, social and organisa-
tional aspects are critical parts of the reason-
ing process (Cicourel, 1990; Ludvigsen,
1998). The knowledge developed by medical
students is situated, or what Elstein (1995)
terms, case-specific. The ability to imple-
ment relevant knowledge in clinical situa-
tions is not just a cognitive problem, but it is
part of the institutional context where stu-
dents’ reasoning is part of different types of
activities. In order to establish a correct di-
agnosis and adequate treatment, it is impera-
tive to know when and how to apply medical
knowledge. 
Within such an understanding of medical
activities, problem solving becomes a cogni-
tive, social and culturally based phenome-
non. This means that both the vertical and
horizontal aspects of expertise become im-
portant. When focusing on the horizontal as-
pects of expertise teams of health workers in
collaboration and communication efforts be-
come important. These types of processes
need to be analysed and understood from the
view of horizontal expertise. The output
from the team is their collective efforts.
Vertical expertise is well studied in the area
of cognitive science. The expert-novice stud-
ies show how physicians have very different
knowledge structures (Schmidt, Norman and
Boshuizan, 1990; Elstein, 1995). The hori-
zontal aspects of expertise are not well stud-
ied in general, or in the field of medicine. It
is possible to identify a few studies related to
these questions in medicine as a field. We
have already mentioned some important
findings from Cicourel’s (1990; 1995) stud-
9
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ies. Ludvigsen (1998) made findings similar
to Cicourel, both in the educational and in
the work context in his study of medical stu-
dents and interns. Engeström (1993; 1995)
has used activity theory to analyse how
physicians work in general practices. The
horizontal aspects of medical expertise are
shown and elaborated on, in all these studies.
In Strauss, Fagerhaugh, Suczek & Wiener
(1985) studies of the social organisation of
medical work show how dependent physi-
cians are both upon each other and on other
health workers. 
We argue that the studies conducted by
Cicourel (1990), Engeström (1993) and Lud-
vigsen (1998), demonstrate very clearly how
complex and important the horizontal aspects
of expertise are in the field of medicine. The
socio-cultural view of learning and cognition
represents an adequate framework for under-
standing this phenomenon. The students’ rea-
soning and their actions are part of a situated
practice. If we build virtual environments
upon this perspective the environments be-
come more realistic, and the knowledge the
students develop becomes more valid.
To improve skills in relation to clinical sit-
uations, there is a need for tools that mediate
various forms of knowledge. 3D environ-
ments could serve as tools for training in this
kind of knowledge development. The stu-
dents are then invited to develop mental re-
presentations, situated knowledge and the
ability to participate with other health work-
ers in collective problem-solving situations
(Cicourel, 1990; Ludvigsen & Bach-Gans-
mo, 1998a, 1998b). 
To be able to incorporate the complexity
argued in this section into analysis and de-
signs, we need frameworks that provide in-
sights into how humans learn, as well as
what role technological artefacts and other
issues occupy in the learning processes.
These conceptual challenges will be the fo-
cus of the next section. 
Steps towards a framework
for understanding and de-
signing 3D environments
Most designs are based on key topicswithin cognitive science (e.g. me-mory, perceptions, reasoning skills)
(Hoffman, 1998). This means that learning is
considered from an information processing
perspective. Winn (1997) takes another posi-
tion than those placed within cognitive
science. He emphasises an open construc-
tivist approach as the premise. Concerned
with premises for design and analysis, he in-
cludes both ideas from the individualistic ap-
proach and from an approach that emphasises
collaboration as a central premise for learn-
ing. However, Winn (1997) does not elabo-
rate upon central questions as units of analy-
sis and the assumptions that are connected to
the different positions he builds on. 
In order to establish a new research agen-
da, it is necessary to move from such a focus,
often represented by content-driven perspec-
tives (in relation to a focus on mental repre-
sentation and cognitive structures), to an em-
phasis on socio-cultural perspectives. This
new research agenda can give us better ac-
counts for the specific nature of 3D environ-
ments, and their relation to other learning
technologies and the social contexts in which
they are used. Such a research agenda can
bring us substantial insights in what kinds of
knowledge can be developed in this type of
environment.
McLellan (1996) summarises other ap-
proaches which have the ambition of build-
ing frameworks for designing and under-
standing 3D environments. The author men-
tions approaches like: The ecological psy-
chology perspective (based on J.J. Gibson’s
theory, where direct perception and affor-
dances are the key terms), The computer as
theatre perspective (based on Brenda Lau-
rel’s theory about drama as a metaphor for
10
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understanding human-computer interaction),
The space maker design perspective (based
on R. Walser’s ideas about filmmaking, per-
forming arts, and role-playing games), and
Design theory and design metaphors as a
perspective. We could add the approach in-
fluenced by storytelling, which is also part of
some of the approaches mentioned. The idea
behind a storytelling approach is connected
to the fact that narratives are a basic element
for learning and human development. The
problem with these approaches is that they
do not have an explicit focus on learning,
cognition and collaboration. We argue that
this is a fundamental condition for under-
standing what can be learned in 3D environ-
ments, and then judge how valuable they
could be in various types of education.  
Theoretical foundation 
In recent years a series of alternatives to
standard cognitivist approaches to learning
and cognition has evolved.4 In spite of dif-
ferent terminologies, research traditions, and
methodological preferences, the approaches
share the assumption that learning has to be
understood as actions and activities integrat-
ed in a complexity of social, institutional,
cultural and historical practices. The unit of
analysis is widened from viewing the indi-
vidual as a “solo student” to including the
student’s practice in relation to activities in
communities of practice. We will here em-
phasise one of these theories, which gives us
a rich framework for design and empirical
studies of 3D environments. 
Activity theory constitutes a rich frame-
work for studying different forms of prac-
tices as developmental processes, with indi-
vidual and social issues interlinked at the
same time (Kuutti 1996). An important fea-
ture of activity theory is that the system is
driven by a collective motive that expands
beyond the level of individual intentions.
Activity systems are not reducible to a sum
of individual actions, they have “... cyclic
rhythms and long historical half-lives”
(Engeström et al, 1995). In other words, ac-
tivity theory affords analyses of social phe-
nomena on different levels; activity – at the
level of social systems; action – at the level
of the individual student acting intentionally;
and operation – at the level of the concrete
operation, procedure or behaviour. To fully
understand an activity, its history and devel-
opment should be taken into consideration.
This expands the unit of analysis even be-
yond the context of one given activity sys-
tem.
In an activity system there are potential
contradictions or tensions between all com-
ponents of the systems (Engeström, 1987).
Contradictions are used to indicate ‘misfit’
within elements of an activity, and between
different developmental phases of a single
activity. Contradictions manifest themselves
as problems, breakdowns, clashes, etc. with-
in the system itself or in relation to other sys-
tems (Kuutti, 1996). The objective of
Engeström’s systemic model is to consider
the socially based nature of human activity
by including rules of communication and di-
vision of work. In agreement with Enge-
ström’s systemic model, Fjuk & Smørdal
(2000) introduce three aspects that together
constitute a useful basis for understanding
the nature of computer-mediated collabora-
tive learning. The interconnected aspects are:
Development of meaning and knowledge
construction, exchange processes and role-
taking processes. These aspects are illustrat-
ed in figure 1. The upper triangle concerns
the individual student’s actions directed to-
11
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wards knowledge construction and thought,
– mediated by a constellation of artefacts
that are situated within the 3D environment.
The model shows that a student is not isolat-
ed but is a part of a 3D-generated learning
community, represented by the aspects of ex-
change and role-taking processes. The ex-
change processes thus concern the student’s
actions directed towards the shared learning
community, – mediated by the embedded
rules of that community (laws, traditions,
physical distances, etc.). The role-taking
processes concern computer-mediation of
actions directed towards the shared commu-
nity’s division of tasks and responsibility. 
An individual’s actions will then be af-
fected by three major factors: the artefacts
used, the 3D environment she belongs to and
its explicitly or implicitly expressed rules,
and the division of work within that commu-
nity of students. These factors interact in the
creation of the social practice, and contradic-
tions within the system influence the whole
collaborative situation. When the unit of
analysis expands to the interaction between
different activity systems, the complexity
that we are dealing with increases. Figure 1
illustrates these issues, focused through vir-
tual 3D learning environments. 
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By using activity analysis on 3D environ-
ments, it would include all use activities, tool
producing activities, all teaching and knowl-
edge construction activities, as well as
changes and contradictions in the use activi-
ties. This complexity makes it difficult to
identify and delimit the activity systems that
are of interest for the analysis (Bødker,
1996). As such, we do not need to analyse all
the systems, but to be aware of contradictions
Figure 1: Activity analysis of 3D environments 
(Inspired by Engeström (1987))
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between the activities a student is influenced
by in her development of meaning and
knowledge construction. Figure 1 illustrates
how certain didactical principles, institution-
al traditions as well as the community’s col-
lection of artefacts mediate a student’s rela-
tionship with the 3D environment. Further-
more, the community’s commitment to the
development of a shared learning environ-
ment and individual knowledge is mediated
by the roles embedded in the collaboration
(e.g. the power each wields, tasks each is re-
sponsible for, etc.). 
The figure also illustrates how contradic-
tions associated with didactical principles
and the 3D environment lead to production of
new didactical principles and technological
solutions, respectively. In analysis, and in de-
signs also, this complexity can be opera-
tionalised in terms of questions like: How do
the constellation of artefacts serve as media-
tors for the student’s actions directed towards
development of meaning, as well as towards
the development of a shared learning com-
munity? How do the didactical principles me-
diate the student’s action in the 3D communi-
ty? How do established institutional tradi-
tions mediate the community’s distributed
work and progress? In what follows, design
principles from these key issues of socio-cul-
tural theories in general and activity theory in
particular are outlined. The usefulness of the
principles are shown through an example, –
the 3D environment labelled Matador. 
Design principles for 3D-
mediated learning environ-
ments. Matador: An example
This section provides design principlesthat are operationalised from socio-cultural perspectives where learning
is considered to be the student’s “ability to
use a particular set of tools in productive
ways and for particular purposes” (Säljö,
1999, pp. 147). In agreement with this basic
issue, new designs of 3D environments must
carefully consider what role 3D-based mech-
anisms should entail in social interaction and
in reflection. The section includes ideas of
how the key principles should be applied in
new designs associated with the environment
developed in the MATADOR project.
Matador
The project MATADOR (Medical Advanced
Training in an Artificial Distributed Environ-
ment) is aimed at developing a simulation
environment for training in emergency medi-
cine. The environment enables a group of
students to communicate and collaborate in a
networked and 3D-generated collaborative
environment5. Figure 2 shows one part of the
3D environment. The students are aimed at
being distributed in different geographical
locations6. In the 3D environment, the stu-
dents are represented by avatars, which are
human like 3D figures. The avatars are the
eyes and the hands of the students. Both a
mouse and a haptic device will be used. 
13
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5 The technological platform for the development of
Matador is DOVRE API (Hagen, 1999). DOVRE API pro-
vides possibilities for integrating multimedia technologies
such as sound, video, speech, and tactile feedback. 
6 In what follows we use Matador to term the 3D envi-
ronment.
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The Matador environment will be developed
with a particular focus on communication,
collaboration and leadership in teams among
health professionals. In the teams there will
be physicians and other health workers,
which means that the social complexity of
health work is built into the application. The
horizontal dimensions of expertise are sig-
nificant for the problem solving process. The
3D environment will enable concurrent tu-
toring, feedback, and evaluation of all the
participants.7 The haptic device gives the
students possibility to get in ‘touch’ with the
‘patient’. The team exposed to the 3D envi-
ronment will perform different cases. In
these cases the life-threatening conditions
are built in and can be activated dependent
on the students’ actions. The team have to
talk, act and create specific activities and re-
vise their action and activities in a collabora-
tive effort to solve the problem inherent in
the cases. One example of this is when the
blood pressure falls and there is an increase
in the heart rate. This must be detected and
the team has to communicate about this and
find solutions to the problem. The history of
the patient is part of the cases, but the context
for the team is in an emergency room in a
hospital. After a team has performed the
cases, there will be debriefing sessions with
an experienced supervisor. 
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Figure 2: A patient arrives at the operating theatre. The doctors, the
patient and the ambulance driver are all avatars, but the student’s ac-
tions are represented by the doctor-avatars.
7 The content associated with the application is inspired
by a Norwegian course in trauma medicine. The group be-
hind this course has worked with a concept ‘Improved
quality and systematic trauma treatment’. The course is
grounded upon recommendations from the ATLS
(Advanced Trauma Life Support) (Brattebø et al.,
1998/99). This concept is developed by the American
College of Surgeons, and is considered a standard in
emergency medicine (Bell et al., 1999). 
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Operationalising the theory for design
In-depth studies of Web-based environments
(Fjuk, 1998; Smørdal, 1999) show that an in-
dividual actor’s computer applications ham-
pered the actions directed towards the ex-
changing- and role-taking processes (cf. fig-
ure 1). A simple example is: A painting pro-
gram is a potential tool for linking thought
and articulation of it into drawings. Using
the program is quickly routinised, but be-
cause of software incompatibility between
the collaborative actors’ programs, the
thoughts manifested into drawings did not
appear as appropriate means for collectively
articulating the actors’ argumentation and
negotiations of meaning. The constellation
of computer-based artefact (in use) ham-
pered the mutual relationship between indi-
vidually and collectively oriented actions.
The operation of the action was not conduct-
ed automatically, – thoughts are directed to-
wards the artefact itself. Due to internalisa-
tion of the properties and behaviour of the
computer-based artefacts, the artefacts did
not become integrated parts of the actor’s
actions. Rather, the use of networked com-
puters involved thought that stemmed from
problems of using them due to breakdowns
or due to unfamiliarity with them. 
These observations clearly indicate the
challenge of designing virtual learning envi-
ronments in which various computer-based
artefacts have an essential role in learning
and social interaction. Seen from a computer
systems designer’s standpoint, the relation
between individually and collaboratively ori-
ented interactions often conflict, forcing de-
signers to make computer-based mecha-
nisms for one at the expense of the other
(Gutwin & Greenberg, 1998). Design that
supports individual actions often hinders col-
laboration, and vice versa. For example, this
trade-off becomes apparent when trying to
support both the individual’s needs of inte-
grated and transparent tools and control over
the artefacts, and the collaborative communi-
ty’s needs regarding information sharing, di-
vision of work, creation of joint understand-
ing, etc. Based on these observations and
studies, Fjuk & Smørdal (2001) have devel-
oped a framework that is aimed at guiding
systems designers in their process of struc-
turing the analysis concerning the role of
computer-based artefacts in collaborative
learning. The authors argue that systems de-
sign has to be aimed at understanding the
communicative aspect of action in order to
offer good solutions for the operational as-
pect. To support the mutual interplay be-
tween individual and collective processes of
the learning activity, the challenge is found
in the duality and interplay between the as-
pects presented in figure 1.
Although many artefacts have a double
position of mediating both the communica-
tive aspect of an action and the operational
aspect of the same action, this is an essential
property of computer applications in general
(Fjuk & Smørdal, 2000) and of 3D environ-
ments in particular. For example, group deci-
sions and common plans (manifested in e.g.
activity responsible charts) and joint produc-
tions (manifested in e.g. project report) are
potential signs (i.e. the communicative as-
pect) for the exchange- and role-taking pro-
cesses. Technology such as groupware sys-
tems, co-authoring software, project ma-
nagement software, etc. are potential tools
for operationalising the actions directed to-
wards these signs and for making changes
upon them. The interplay between the indi-
vidualistic and collective aspects (in figure
1) exhibits very differently in 3D environ-
ments than in e.g. Web-based environments.
3D environments offer richer opportunities
of feeling the presence, sharing time and
space, observing the actions of others, etc.
These typical features of 3D environments
imply that the operation of individual actions
becomes explicit and visual in the shared
15
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3D-based learning environment. This means
that the mutual relationship between actions
directed towards development of meaning
and collective processes, becomes more
transparent than in other virtual environ-
ments (Krange et al., 2000). Thus, the inter-
play between the three aspects, and embed-
ded actions, becomes even more interwoven
and blurred than in e.g. text-based and asyn-
chronous environments (as in most Web-
based environments). 
Table 1 illustrates the three aspects in
terms of various awareness issues. The com-
municative part of an action is focused, since
the operationalised part is more or less asso-







The role of signs and tools in collaborative learning
Various 3D mechanisms (such as objects, avatars and oral
speech) are targeted toward the aim of human activity.
Some are means for changes upon the aim of human activi-
ty, while others are aiding thought and reflection upon the
aim. Concept awareness is a means towards this aspect.
Some 3D mechanisms and human actions mediate thought,
knowledge and perspectives among students participating
in the 3D environment. Other 3D mechanisms are means
for changes upon objects. Task awareness is a means
towards producing a common task. 
Some 3D mechanisms mediate the division of tasks and re-
sponsibility, like common decisions, commitments, and
work arrangements. Various types of shared mechanisms
are means for a community to collectively make changes
upon an object and to be aware of the patterns of action in
the 3D environment. Social- and workspace awareness are
means in this context. 
Table 1: The role 3D mechanism (like e.g. objects, avatars and oral speech) in 3D environ-
ments.
As indicated in table 1, awareness informa-
tion is a notion that is particularly interesting
in this context, and that has been focused in
computer systems designs to reduce the
meta-communicative efforts needed to col-
laborate across physical distances and in
computer-mediated environments (e.g. Gaver,
1991; Dourish & Bellotti, 1992; Palfreyman
& Rodden, 1996; Gutwin et al., 1995; Gut-
win et al., 1996). Dourish & Bellotti (1992)
introduced the concept of awareness, con-
nected it to shared workspaces and defined it
as “an understanding of the activities of
others, which provides a context for own
activity” (ibid. p. 107). Moreover, Gutwin et
al. (1995) understand workspace awareness
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as “the up-to-the-minute knowledge about
other students’ interactions” and proclaim
that such information plays an “integral part
in how well an environment creates opportu-
nities for collaborative learning” (ibid. p.
147). Gutwin et al. (1995) suggest three ad-
ditional categories of awareness information
that should be considered with respect to col-
laborative learning. Social awareness con-
cerns social aspects of how to participate in
a group or community. The students must
make decisions about what role they must
have in a particular community, what they
should expect of the other actors and how
they want to interact with people in the com-
munity, etc. Moreover, a collaborative envi-
ronment is made up of many tasks carried
out over time, and divided according to vari-
ous situated criteria amongst the students.
This particular feature of collaboration con-
cerns issues that Gutwin et al. (1995) call
task awareness. Task awareness is concerned
with how to complete the common task (e.g.
What do we know about the task, how much
time do we have, what steps must we take to
complete the task, etc.). Gutwin et al.’s cate-
gories of social awareness and task aware-
ness correspond with what Fjuk & Smørdal
(2001) term role-taking processes. A third
category of awareness suggested by Gutwin
et al. (1995), concept awareness, is more di-
rectly related to the knowledge construction
process. The student must activate what they
already know about the problem at hand and
need to find ways of how to achieve new
knowledge so as to fulfil the task. 
Outlined from socio-cultural principles in
general and the framework in table 1 in par-
ticular, Fjuk & Krange (1999) and Krange et
al. (2000) suggest three relationships that
particularly characterise 3D environments.
These are actor-object8, object-object and,
actor-actor. In line with the theoretical heri-
tage, and in agreement with the framework
developed by Fjuk & Smørdal (2001), the re-
lationships cannot be considered separately
but mutually. Concerning the first, the actor-
object relationship, it represents first and
foremost a student’s actions mediated by an
object embedded in the 3D-environment.
This operationalisation is conducted by ma-
nipulating the object directly by clicking,
lifting, moving, etc. The actor-object rela-
tionship clearly supports awareness informa-
tion of how a task is completed. This is be-
cause the students internalise the same im-
ages and this ability reduces the need to
meta-communicate all interactions. As such,
the result of the operation functions as a vis-
ible sign for the co-students, guiding them to
individual reflection and further action. Fjuk
& Krange (1999), however, discuss whether
it is necessary to achieve knowledge regard-
ing who is doing what, how, where and when
in all parts of the collaboration. As suggest-
ed, the designs’ ideals thus become to create
opportunities for the student to move be-
tween closeness to co-students through some
extent of workspace awareness, and a dis-
tance to peers in order to articulate thoughts
through reflection. 
The second relationship, the object-object
relationship concerns how manipulation on
one object influences the situated conditions
of another object. This object-object rela-
tionship has a twofold effect on collaborative
learning and awareness information. On the
one hand, it explicitly visualises the conse-
quences of the individual’s actions on an ob-
ject and constitutes an essential sign for fur-
ther actions related to divisions of tasks and
discussions about the tasks. On the other
hand, it mediates the student’s information
awareness on how their action constitutes a
part of a greater wholeness. This is an essen-
tial factor in how well an environment cre-
ates opportunities for collaborative learning,
17
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derstood as a 3D-generated object, and does not necessa-
rily refer to an object in an activity theoretical perspective.
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rather than workspace awareness and task
performance per se (ibid.). 
The last relationship, actor-actor relation-
ship, concerns the social interactions and to
some extent what Gutwin et al. (1995) term
social awareness. Fjuk & Krange (1999) ar-
gue that efficient task performance is not suf-
ficient for providing learning effects of 3D
environments. Rather, the learning effects of
collaboration become optimal when the vir-
tual environment creates opportunities for
discussions and argumentation about the
tasks (cf. Dillenbourg, 1996). Oral dialogues
between the actors may mediate this interac-
tion, but also by the two other relationships
(actor-object, object-object). This argument
particularly supports a need for explicitly
considering the situated effects of awareness
information, and thus in terms of the dyna-
mic interplay which the framework of table 1
underlines. One way to provide learning ef-
fects of this situatedness is to organise for
good interactional conditions so that they
stimulate the student’s mindful engagement,
personal responsibility and discussions (Fjuk
& Krange, 1999). Although design of 3D en-
vironments is explicitly related to the subject
domains, the specific problem area and its
contents (more than e.g. Web-environments),
this is first and foremost connected to the ex-
ternal goal of the learning activity, and not
necessarily to the 3D environment in itself.
In line with this argument, Storås (2000) em-
phasises that design of 3D environments
must strive to define a rather complex object
of the learning activity, so as to force social
interactions and reflection. In spite of their
similarities to physical and co-located learn-
ing environments, 3D environments do not,
in their own right, stimulate social interac-
tions and reflection. 
The discussed design principles give
some directions for new designs associated
with the Matador-environment and medical
education: First, the goal of the learning ac-
tivity must be complex in the sense that it
stimulates to reflections and collective
processes. In the Matador case, this issue is
closely related to practical examples and var-
ious simulations of practice. These examples
and simulations must be designed so as to
challenge current knowledge and meaning,
and furthermore stimulate to discussions and
sharing of reflections amongst the students.
An example of this issue is when the stu-
dents, through their communication in the
shared 3D environment, have access to a va-
riety of medical information as test results,
information from instruments about the heart
condition, blood pressure, X-rays etc, and
they have to reach a common understanding
and act collectively based on their under-
standing of the actual and evolving situation.
Figure 3 illustrates such a situation.
This process could be related to both further
diagnostic activity and treatment of the pa-
tient. 
This leads us to the second issue, that is, the
necessary relationship between individual
and collective processes. The social interac-
tions (e.g. operationalised in terms of the ac-
tor-actor relationship) must not necessarily
take place within the virtual environment.
Rather, they can take place outside it, – in a
traditional physical situation or in other
types of virtual environments. The 3D-gen-
erated artefacts may, together with other
types of artefacts, serve as tools for mediat-
ing the mutual interplay between individual
and collective processes. The situated effects
of various awareness issues must be con-
sciously considered in this respect. To con-
sider 3D environments as closed systems
could be misleading when trying to under-
stand their impact on learning processes. The
learners will use knowledge from previous
experiences in the same types of situations.
The activities in the 3D environment are part
18
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of their learning trajectory, which is stretch-
ed out over activities in different settings. 
When it comes to the actor-object and ob-
ject-object relationships, they must be con-
sciously considered with respect to the goal
of the learning activity. For example, the ac-
tor-object relationship should be designed so
as to provide feedback related to how differ-
ent diagnostic activities are connected. When
a student investigates the abdomen, the 3D
environment can give feedback about what
type of pain and the location of pain. The
students’ interpretation of this finding gives
direction for how to proceed. This can be ap-
proached by various operations on the pa-
tient. The object-object relationship can be
used to simulate what happens with the pa-
tient when the blood pressure decreases and
how this and other biological processes in
different organs are affected (or not affected)
by each other. This will create situations
where the systemic nature of the human
body becomes more transparent. The action
performed by the students influences on
other processes than the interventions are di-
rected towards. A set of unpredictable events
will create the environment, which actually
shows the situated nature of problem solving
in a dynamic environment. The learning en-
vironment becomes realistic, because the
problem solving process is dependent on
how the students are able to create a collec-
tive effort. Without this collective effort the
degree of distributed expertise for solving
the problem will not be reached. 
19
OUTLINES • No. 2 • 2001
Figure 3: The students collaborate in the shared 3D environment and have
access to medical information like X-rays
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Conclusion
We have argued that the socio-cul-tural perspectives (with activitytheory as the major example) pro-
vide us with a more adequate understanding
of learning processes in 3D environments,
than approaches based on information pro-
cessing perspectives on human learning.
These perspectives give us important direc-
tions for the design of 3D environments
where students use various types of re-
sources, including artefacts and the knowl-
edge owned by co-students. The theoretical
framework also affords the opportunity for
understanding the learning processes, which
take place in the 3D environment in relation
to the other activity systems of which the stu-
dent is a part. The latter argument is of par-
ticular theoretical and methodological im-
portance, since this is not the case in most
CSCL research nor in the field of using 3D
environments in medicine. If we expand the
unit of analysis and analyse learning pro-
cesses as part of activities on different levels,
we will be able to develop a better under-
standing of learning in technology rich envi-
ronments and how these learning processes
are related to other activity systems. These
types of analyses will be useful for several
purposes. First, they contribute to an under-
standing of the learning processes taking
place in 3D environments, other clinical sit-
uations and their relation. Second, they pro-
vide guidelines for designing courses and
larger units in professional education. And
last, they provide us with ideas for clarifying
the educational benefit of using 3D environ-
ments as tools for learning in relation to
learning in other forms of tools and repre-
sentational media.
In the 3D environment described – Mata-
dor – it is possible to study collaboration,
communication and how cognition is distrib-
uted, in detail. This can give us new insights
into the efficiency of 3D environments asso-
ciated with problem solving situations and
how different types of expertise relate to
each other. Studies of vertical and horizontal
aspects of expertise will give us possibilities
to discuss how these types of expertise could
be understood when they are parts of collab-
orative efforts. 
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